A healthcare-associated infection (defined as an infection acquired within a healthcare facility), such as due to transmission via medical equipment or by healthcare providers is the most frequent adverse event in the healthcare delivery system. But why does the problem persist, when infection control measures are known, simple, and low-cost? We reviewed some biologicaland treatment-factors in Part 1, and we now review some human-factors. Healthcare-associated infections are a major public health problem even in advanced healthcare systems. They affect hundreds of millions of patients each year, and are responsible for increased morbidity, mortality, and financial burden. This is perplexing, since good-hygiene practices are known and promoted. Disinfection, sterilization, handwashing, and alcohol rubs should be more effective, but human-factors interfere. The persistent high prevalence of nosocomial infections, despite known hygienic practices, is attributable to two categories of factors: biological and inherent shortcomings of some practices (considered in Part 1), and human factors (considered here). A new approach is considered in Part 3.
Introduction

Recognition of the problem of healthcare-associated infection (an infection that
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The Persistence of HAI
HAIs are the most frequent adverse events associated with the delivery of routine and emergency healthcare [2] . They result via transmission by healthcare personnel and devices and procedures used to treat patients and to help them recover, and the physical equipment of the facility itself. Examples include surgical site infections (SSIs), catheter-associated urinary tract infections (CAUTIs), central line-associated bloodstream infections (CLABSIs), and ventilator-associated pneumonia (VAP), among others [3] . According to estimates by the World Health Organization (WHO) [5] , approximately 30% of ICU (intensive care unit) patients in high-income countries are affected by at least one HAI, and the frequency in middle-and low-income countries is double or triple that number.
European epidemiological surveys estimate that HAIs are responsible for about 16 million extra-days of hospital stay and about 150,000 deaths annually (37, 000 directly-attributable and an additional 110,000 contributory) [6] . An estimated nearly 100,000 deaths per year in the United States are attributed to HAI [8] .
Annual financial losses attributable to HAI in the United States are estimated to be nearly $20 billion in direct hospital costs, and $28 -45 billion overall [10] .
Hands as Source of Pathogen Transmission
Transmission of HAI by hands involves the following sequence of events [4] : 1) A pathogenic organism must be present at the original host site (on a patient or surface).
2) The pathogenic organism must remain viable at the original host site until transmission. 3) The barrier to transmission must be inadequate or omitted (defective glove, incomplete hand washing, ineffective hand hygiene agent, etc.).
4) The pathogen must be transmitted to a recipient or to an intermediate host location.
Interruption of any step in this process disrupts transmission, whereas failure to interrupt a step allows transmission. The need for assiduous surveillance is highlighted by the fact that although the source of pathogenic organisms is sometimes obvious (e.g., infected or draining wounds), but not always (e.g., the large volume of skin normally shed daily deposits millions of viable microorganisms to surfaces such as gowns, bedding, etc., particularly staphylococci and enterococci, which are resistant to desiccation) and to healthcare personnel (e.g., Klebsiella spp.) while performing even seemingly "clean" activities like lifting a patient, taking vital signs, or therapeutic touch [11] . Handwashing can play a critical role in interrupting the HAI transmission sequence [12] [13].
Handwashing as a Measure to Avoid HAIs
Boyce and Pittet [4] have critically reviewed the pros and cons of various procedures used for hand hygiene, which are succinctly summarized below.
Soap(s) and Water
Soaps and detergent-based products "clean" hands primarily by the physical action of removing contaminated solids such as dirt and organic substances.
Therefore, the cleaning activity of these substances (which mostly contain esterified fatty acids and sodium or potassium hydroxide) remove flora that are loosely adherent on the hands or are transient. Because of this mechanism, it is reasonable that longer wash times are superior to shorter wash times. However, plain soaps (viz., non-antimicrobial products) have little, if any, antimicrobial activity beyond the action of physical removal of pathogens. Studies have shown that handwashing with plain soap fails to remove pathogens from the hands of hospital personnel [14] and plain soaps can themselves become contaminated and increase bacterial counts on skin [15] .
Alcohol-Based Antiseptics (Sanitizing Rinses, Rubs, Gels, Foams)
Alcohols denature proteins by disrupting existing intramolecular hydrogen bonds of protein side chains and forming new hydrogen bonds between the alcohol molecule and the amino acid side chains of the protein [16] . Since these reactions require the presence of water, most commercial products are a mixture of alcohol and water. Alcohols are effective against a wide variety of gram-positive and gram-negative bacteria, fungi, and viruses (mostly enveloped strains). Thus, the use of alcohol-based products is germicidal (assuming the skin not blocked by dirt or other material) and reduces bacterial counts to a greater extent than does washing with plain soap or antimicrobial soap [14] . As a consequence, al- 
Handwashing: Positive Aspects
Several studies through the years have documented the now universally accepted fact that hand hygiene is an effective measure in reducing HAIs. In any early study, Mortimer et al. (1962) [19] found that 92% of the infants handled in the nursery by nurses with unwashed hands acquired the strain of an infant carrier, compared to only 53% of the infants that were handled by nurses who washed their hands. Larson (1988) [20] reviewed the literature on handwashing pub- homes [26] .
Based on these studies and others, it is now the collective wisdom that good hand hygiene is a primary means to mitigate the spread of healthcare-associated infections. Then why does the problem of HAI still persist? We reviewed some of the technical explanations in Part 1; [9] some human factors (below) are equally, or more, important.
The Problem of Poor Compliance
Larson et al. (2000) [27] state succinctly: "… the handwashing behavior of healthcare professionals-has proved to be stubbornly resistant to intervention and change". They cite poor compliance to standards for handwashing practice (in quality and duration) among physicians and nurses, with rates of only 20% -80% [28] [29] [30] . Only two of the 15 prior studies reported any success of various educational strategies, performance feedback, or environmental controls or modifications in bringing about sustained behavioral change or improvement in rates of infection [31] . Likewise, Allegranzi and Pittet (2009) [25] in the review 
Handwashing: Negative Aspects
Frequent and repeated use of handwashing products can lead to dry skin, irritation, and even more serious problems such as chronic contact dermatitis [33] . This is particularly true for products that contain soaps and other detergents, but is also true for products that contain alcohol. One survey of nursing staff found The use of iodophors, chlorine compounds, or related products alone or in combination can cause contact dermatitis, which is exacerbated by warm water, low relative humidity, failure to use counter measures (e.g., hand lotion or cream), and even the frequent wearing of latex gloves. Allergic reactions have been reported for several antiseptic agents (e.g., quaternary ammonium compounds, iodine and iodophors, chlorhexidine, and others). Allergic reactions might also be due to an impurity or to some ingredient of the formulation (such as fragrances, or benzyl-, (iso)stearyl-, or myristyl-alcohol, phenoxyethanol, propylene glycol, parabens, or benzalkonium chloride) [37] .
Alcohol-based formulations are generally better tolerated, but frequent use can lead to drying of skin, with negative influence on compliance. The addition of emollients, humectants, or other skin-conditioning agent reduces the problem of drying somewhat. Alcohol-based products that contain emollients generally cause significantly less skin irritation and drying than do plain or antimicrobial soap [34] . A negative aspect of alcohol-based formulations in particular is that they sting upon application to broken skin (cuts, abrasions, etc.).
Factors That Impede Compliance
The human factors that negatively affect adherence to good hand-hygiene practice were reviewed by Boyce & Pittet (2002) [4] . Influences include the type of training of the healthcare provider (e.g., physician vs nurse, etc.), type of hospital ward (e.g., intensive care vs medicine, etc.), time of day and day of the week (weekday vs weekend), and the intensity of patient care (number of hand washings per hour) [4] . Some practical impediments include: dryness and irritation of skin caused by the handwashing agents, inconvenient location of the wash station or supplies, insufficient time due to understaffing or scheduling issues, concern that it interferes with the professional-patient relationship, over-reliance on gloves, or even skepticism or disagreement with policy recommendations. Also important are the institution's demonstrated level of interest in, promotion of, and support of good practice, and good example by co-workers (adherence to guidelines) [4] . "Thus, the interdependence of individual factors, environmental constraints, and the institutional climate must be taken into account in the strategic planning and development of hand-hygiene campaigns. Interventions to promote hand hygiene in hospitals should consider variables at all these levels. Various factors involved in hand-hygiene behavior include intention, attitude towards the behavior, perceived social norm, perceived behavioral control, perceived risk for infection, hand-hygiene practices, perceived role model, perceived knowledge, and motivation. The factors necessary for change include 1) dissatisfaction with the current situation, 2) perception of alternatives, and 3) recognition, both at the individual and institutional level, of the ability and potential to change. Although the latter implies education and motivation, the former two necessitate a system change."
Countermeasures
Education and Compliance Campaigns
Education and campaigns employing multimodal approaches consistently show improvements in compliance with good hand hygiene practice, but disappointingly, only to a modest extent. Two studies, more than a decade apart but with similar results, provide representative examples. Pittet et al. (2000) [13] report the results of the implementation of a hospital-wide campaign to improve hand hygiene compliance and effectiveness, placing special emphasis on the increased use of alcohol-based handwipes (vs washing with soap and water). The three-year campaign produced a sustained increase in hand hygiene compliance, with a corresponding reduction in nosocomial infections. However, the improvement in compliance rate was modest, from 48% at the outset to 66% at the conclusion of the study. Chavali et al. (2014) [39] initiated an aggressive multimodal intervention to improve hand hygiene compliance among healthcare workers in the ICU of a tertiary care hospital in India. After one year, compliance had increased, but to an overall rate of only 78%.
The potential for attaining super-high hand hygiene compliance rates by implementing an intensive program was recently demonstrated by Sickbert-Bennett et al. (2016) [40] . By asking all healthcare personnel in the hospital, including nutrition and food services staff, to observe and provide feedback on the hand hygiene compliance of each other, the compliance over a 17-month period improved from an already high level of more than 80% to an exceedingly high level of greater than 95%. Surveys continue to reveal, however, that compliance rates this high are still the exception rather than the rule (Figure 2) 
Convenience of Placement
Kirk et al. (2016) [12] reported that healthcare providers both in the United
States and in Canada identified the same impediments to better hand hygiene compliance. In particular, more than half of the survey respondents indicated that they would exercise better hand hygiene compliance if alcohol-based handwipes were located closer to the patient. A relationship between location and accessibility of hand hygiene products and good hand hygiene practice has also been reported by others [44] [54].
Counterintuitive Considerations
It seems intuitive that the wearing of gloves for all interactions with patients would decrease, or even eliminate, the need for better hand hygiene compliance.
However, washing gloves does not remove pathogens, and bacteria can penetrate small unnoticed holes in gloves and contaminate healthcare providers' hands [55] . Therefore, hand hygiene is necessary even after removing gloves. But because proper hand hygiene is a little less convenient when gloving is required, the use of gloves has been found, surprisingly, to be a risk factor for poor hand hygiene [56] . We previously highlighted some biological and treatment hurdles that impede better compliance [9] . But key drivers of low hand-hygiene compliance may well be more behavioral and operational than technical/scientific or procedural. Given that HAIs are inherently linked to healthcare workers' behavior (e.g. sub-optimal hand hygiene practices) there are also some human-factor hurdles, reviewed
here. Intensive, facility-wide hand hygiene improvement programs work, but they are not always realistic or sustainable in all facilities. Fortunately, the human factors offer the best opportunity for significant improvement and better control of healthcare-associated infections. Anything that increases convenience (e.g., optimal placement of wash stations or handwipes), saves time, or decreases negative experience (e.g., skin irritation and dryness) significantly improves compliance. Better procedures and/or devices are needed that increase convenience, save time, or decrease negative experience. Hand hygiene is not a medical solution, but a supporting activity that is prone to variability due to several factors identified in various compliance studies. While compliance programs address the medical benefits of hand hygiene, they do not emphasise the holistic behavioral safety mindset required to effect safe, consistent hand hygiene; e.g., ensuring maintenance staff keep dispensers that are functioning and full, medical staff alerting their colleagues when a needed hand-hygiene event is missed or improperly done, etc. For these to happen consistently, the entire enterprise needs to be steeped in a safety culture based on strong hand-hygiene principles.
